Introduction: Whole body computerised tomography has become a standard of care for the investigation of major trauma patients. However, its use varies widely, and current clinical guidelines are not universally accepted. We undertook a systematic review of the literature to determine whether clinical guidelines for whole body computerised tomography in trauma increase its diagnostic accuracy. Materials and methods: A systematic review of Medline, Cinhal and the Cochrane database, supplemented by a manual search of relevant papers was undertaken, with narrative synthesis. Studies comparing clinical guidelines to physician gestalt for the use of whole body computerised tomography in adult trauma were included. Results: A total of 887 papers were identified from the electronic databases, and 1 from manual searches. Of these, seven papers fulfilled the inclusion criteria. Two papers compared clinical guidelines with routine practice: one found increased diagnostic accuracy while the other did not. Two papers investigated the performance of established clinical guidelines and demonstrated moderate sensitivity and low specificity. Two papers compared different components of established triage tools in trauma. One paper devised a de novo clinical decision rule, and demonstrated good diagnostic accuracy with the tool. The outcome criteria used to define a 'positive' scan varied widely, making direct comparisons between studies impossible. Conclusions: Current clinical guidelines for whole body computerised tomography in trauma may increase the sensitivity of the investigation, but the evidence to support this is limited. There is a need to standardise the definition of a 'clinically significant' finding on CT to allow better comparison of diagnostic studies.
Introduction
While whole body computerised tomography (WBCT) has become a common investigative modality in major trauma patients, the evidence for its efficacy and diagnostic accuracy are limited at best. WBCT involves the use of CT scanning with and without the injection of contrast to image the head, neck and torso, whether or not the patient demonstrates clinical signs of injury in all these body areas. 1 Its use as an imaging technique during the early resuscitation and treatment phase of trauma management has increased over the past two decades. WBCT is now seen as a standard of care for selected trauma patients in many trauma systems around the world. 2, 3 Several studies suggest benefits to the use of WBCT in trauma, including shorter time to definitive care, identification of injuries that would have potentially been missed and even improved survival of patients. [4] [5] [6] However, the majority of studies to date have used an observational methodology, and the only randomised trial of WBCT in trauma did not show any survival benefit to the technique. 7 In addition, there is no clear consensus as to the indications for its use, or its accuracy as a diagnostic tool. [7] [8] [9] [10] There are potential risks to the investigation, such as radiation exposure and contrast-induced nephropathy, which warrant a considered approach to the widespread use of WBCT in trauma. While these are common to all patients undergoing CT scanning, some studies have highlighted the likelihood of adverse events in seriously injured patients, particularly those of advanced age. [11] [12] [13] There are no universally accepted guidelines for the use of WBCT in trauma, and previous research suggests that there is wide variation in its use, between hospitals and across different countries. [14] [15] [16] [17] In these circumstances, it is likely that the use of specified guidelines would improve the diagnostic accuracy of WBCT in trauma. We therefore conducted a systematic review of the existing scientific literature to determine whether clinical decision rules increase the sensitivity of WBCT in trauma and reduce the number of unnecessary negative investigations.
Materials and methods
The methodology of this study is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement for systematic reviews. 18 The aim of this review was to determine whether the use of guidelines for WBCT in adult major trauma patients increases the diagnostic accuracy of the investigation.
A systematic review of the literature was conducted through the Medline (via OvidSP), Cochrane Library and Cinahl (via EBSCO) electronic databases. The electronic search was supplemented by a manual search of reference lists of relevant papers. All relevant papers up to September 2016 were included in the review. All searches were conducted independently by the four primary researchers (NH, AM, JM and MY), and checked by the two research supervisors (IS and HC). Any discrepancies were discussed between the reviewers and supervisors, and a consensus decision made regarding the inclusion of these papers.
Research question
The PICOS research question used for this review was:
'In adult major trauma patients (population), does the use of clinical guidelines for ordering whole body computerised tomography (intervention) improve the sensitivity and specificity of the investigation to detect clinically relevant injuries (outcome), when compared to the use of physicians' clinical judgement to determine when to order a WBCT (comparator)?' Table 1 shows the search terms used when interrogating the individual databases.
Search strategy
The search strategy used for Medline is shown below:
[ The search was limited to studies published in or translated to English (including conference proceedings and abstracts). This search strategy was modified for use in Cinahl and the Cochrane Library.
Studies of the diagnostic accuracy of WBCT in adult major trauma patients were included in the review, if they investigated the use of clinical guidelines in determining the need for WBCT in trauma. Studies using specified clinical outcomes to define a 'positive' scan were included in the review. Exclusion criteria included studies with only paediatric patients, those investigating focused CT scanning alone, those assessing WBCT in non-trauma patients and studies using outcomes other than a 'positive' scan (e.g. studies investigating the impact of WBCT on mortality).
Data extraction, reporting of outcome and critical appraisal of papers
For each eligible study, data were extracted independently using a standardised data extraction form (Appendix 1 -available on line) by two of the four primary researchers (NH, AM, JM and MY), and checked by the two research supervisors (IS and HC). Where possible, the sensitivity and specificity of WBCT was extracted from the study data, or calculated from data provided in the study results. Other measures of diagnostic importance (including the number of 'unsuspected' or 'clinically occult' injuries identified using WBCT) were also reported, where relevant, to the study being reviewed.
Each of the studies included in the final review was critically appraised using the CASP checklist for assessing cohort studies. 19 Due to the methodological heterogeneity between studies, narrative synthesis was employed to describe the overall findings of the review. Meta-analysis of the results was not attempted.
Results
Overall, 887 studies were identified through the electronic databases plus one identified through manual searching of reference lists of previously identified studies; 871 were excluded on title and abstract and a further 10 studies were excluded as they did not fulfil the inclusion criteria: three did not investigate clinical guidelines for WBCT in trauma, [20] [21] [22] five used outcomes other than a positive scan as their primary outcome, including time to definitive surgery (one study), time spent in the ED (one study), dose of contrast media (one study) and mortality (two studies) 1,4-7 (Figure 1 ). One survey of Swiss Trauma Centres investigated if hospitals had protocols for the use of WBCT, but did not assess their diagnostic accuracy 14 and one systematic review of WBCT in trauma was found, looking broadly at the indications for WBCT in trauma. 10 Table 2 provides a summary of the papers included in the systematic review. All seven studies were single centre, observational studies (three retrospective and four prospective designs); there were no randomised controlled trials and no diagnostic studies. Two studies explicitly compared the accuracy of imaging protocols with routine clinical decision making, 23, 24 two studies investigated the utility of using currently existing triage criteria for trauma patients to determine which needed WBCT, 8, 25 two studies assessed triage systems for trauma patients, investigating the diagnostic accuracy of different components of each system in determining the need for WBCT 26, 27 and the final study used logistic regression analysis to develop a clinical decision rule for WBCT from prospectively collected data, and assessed the diagnostic accuracy of this derived tool in identifying suitable patients for WBCT. 28 
Studies comparing routine practice to clinical decision rules
Hsiao et al. 23 studied the sensitivity and specificity of WBCT versus targeted CT in detecting multi-region trauma, and the impact of a clinical decision rule compared to physician judgement for ordering WBCT. The primary outcome was the identification of multi-region trauma, defined as one or more injuries with an Abbreviated Injury Score (AIS) greater than one in more than two body regions. External superficial soft tissue injuries or injuries located in the extremities were Outcome the sensitivity and specificity of the investigation to detect clinically relevant injuries (injur* AND severity)/ injur*/ sensitivity/ specificity/ diagnostic accuracy excluded. Body regions were defined as head or face, vertebral column, chest, abdomen or pelvis. All adult patients (age > 15 years) whose initial assessment involved either a focused CT scan or a WBCT were included. Anyone who had been transferred from another department was excluded. Overall, 660 patients were enrolled in the study -562 had focused CT and 98 had WBCT. The percentage of patients with multiregion injuries was significantly higher (p < 0.001) in patients who underwent WBCT (32%; 31/98), than in those who received targeted CT scanning (5.5%; 31/ 562). The sensitivity of WBCT was 50% (31/62) with a specificity of 89% (531/597). Statistically significant predictors of multi-region injury were identified, and used to formulate a clinical decision rule, which mandated WBCT in all patients meeting full trauma activation criteria, or those with a GCS < 9 (independent of whether there was a full trauma activation), or with an injury mechanism involving fall > 5 m, or if the patient was a pedal cyclist. Using this rule, the sensitivity of WBCT increased to 73% (45/62), but specificity was reduced to 57% (342/597). The difference between routine clinical practice and the decision rule was not statistically significant. Routine clinical practice was concluded to be the most accurate determinant for the use of WBCT. The majority of patients who had WBCT did not suffer multi-region injury (68%; 66/97 patients), and 5.5% of patients with multi-region injury did not receive a WBCT. The authors noted that the implementation of their derived clinical decision rule would increase the number of WBCT scans performed three-fold (from 15% to 46% of study patients) and increase the proportion of 'unjustified' scans (scans that ultimately did not identify multi-region trauma) from 68% to 85%. Smith et al. 24 conducted an observational study to examine how the implementation of a WBCT protocol affected the detection of clinically significant injury. All patients who were suspected of having serious polytrauma or serious injuries and had full medical records available were included in the study. Pre-protocol, the decision to perform a WBCT scan was made by the senior ED doctor and the duty radiologist who attended the patient. A protocol was then introduced, Records aŌer duplicates removed (n = 888) (0 duplicates idenƟfied) Figure 1 . PRISMA Flow Diagram for the systematic review. While sensitivity and specificity of WBCT pre-and post-protocol were not reported in the paper, these could be calculated from the data provided. Pre-protocol, the sensitivity of WBCT was 47.1%, with a specificity of 57.1%, while post-protocol the sensitivity of WBCT was 89.0% and the specificity was 56.2%. It should be noted, however, that these values refer to the sensitivity and specificity of WBCT in detection of any injury (AIS > 1). However, the authors also noted that, post-protocol, 17 injuries were diagnosed that would not have been suspected on clinical assessment alone; of these, three led to a change in clinical management of the patient.
Studies that assessed the diagnostic accuracy of established trauma triage protocols A retrospective single-centre study of 120 patients by Wurmb et al assessed the accuracy of their trauma triage criteria (which included mechanism of injury, vital signs and clinically apparent injuries) in deciding the need for Whole Body CT Scan. 25 The study population included trauma patients admitted who were sedated and endotracheally intubated and a clinically significant outcome was defined as an ISS of 16. Of the 85 triage positive patients, 70% (59/85) had an ISS 16, while 5.7% (2/35) triage negative patients had an ISS of 16. The authors calculated the sensitivity of the triage rule to be 96.7% (59/61), with a specificity of 55.9% (33/59), positive predictive value of 69.4% (59/85) and a negative predictive value of 94.3% (33/35) . The triage rule was not compared to routine clinical practice. A significant limitation of this study was the strict inclusion criteria of only sedated, ventilated major trauma patients, introducing an element of selection bias and making the results not generalisable.
Studies investigating the diagnostic accuracy of different components of trauma triage systems in determining the need for WBCT
In 2012, a prospective, single-centre observational study of 339 patients who had WBCT following major trauma, assessed the accuracy of different aspects of the Vittel criteria in identifying patients for WBCT. 26 The Vittel criteria are a set of triage criteria used in the pre-hospital setting in France to characterise the severity of trauma. The 339 patients were divided into 172 who would have had a WBCT on the physician's 'prescribing intent' (clinical judgement) and 164 who would have had one solely on the basis of the Vittel Criteria ('prescribing intent' was not recorded in 3 patients). Of the patients in whom the prescribing intent of the physician was to order a WBCT, 73.3% (126/172) were abnormal, compared to 32.3% (53/164) whose scans were ordered solely on the basis of the Vittel criteria. However, the overall sensitivity and specificity of the Vittel criteria could not be assessed, as all patients included in the study were Vittel criteria positive and all had a WBCT. The study also looked at the number of injuries identified outside of the area that would have been scanned on the basis of the physician's prescribing intent ('unsuspected injuries'). Overall, 21.3% (35/164) of patients whose WBCT was ordered solely on the basis of the Vittel criteria had a total of 49 unsuspected injuries, 29 of which were classified as severe. Finally, the diagnostic accuracy of various components of the Vittel criteria was assessed. The commonest criteria in study subjects were 'global assessment of vehicle condition', 'thrown/run over' and 'ejected from vehicle'. Apart from 'global assessment of vehicle condition' (sensitivity 76.2%), all other individual criteria had a sensitivity for identifying abnormal WBCT of < 50%. On multivariate analysis of all Vittel criteria, 'Glasgow coma score < 13'; 'fluid resuscitation of > 1000 ml' and 'penetrating trauma' were found to be independent predictors of an abnormal WBCT. However, the authors noted that the results of the multivariate analysis should be interpreted with caution, as these criteria were seen in only a small number of subjects.
Sloan retrospectively reviewed the notes of 33 patients who had WBCT following major trauma, to assess the impact of mechanism of injury, clinical findings and vital signs on the probability of having a clinically occult injury. 27 Mechanism of injury (MOI) was classified as 'minor', 'moderate' or 'severe' based on a modification of the findings of Lerner et al. 29 Clinical findings and vital signs were classified using the revised trauma score and probability of survival for patients was based on data from the Trauma Audit and Research Network. The author found that 27.75% had a severe MOI, 48% had abnormal physiology and 55% had severe clinical assessment. Clinically occult injuries were found in 55% of study subjects and no statistically significant relationship was found between these variables and the diagnosis of clinically occult injuries. The study could not investigate the diagnostic accuracy of these clinical criteria, as it only included major trauma patients who had a WBCT, thus making the identification of 'false negative' patients (those with clinically occult injuries who did not have a WBCT) impossible. The major limitations of this study were its small sample size and retrospective design.
Studies that developed a de novo clinical decision rule based on the association between clinical characteristics of trauma patients and positive WBCT
Multivariate logistic regression modelling in a prospective observational study was used by Davies et al to identify the association between various clinical factors and the presence of polytrauma on WBCT. 28 The authors defined polytrauma as the presence of any injuries of AIS > 1 in more than one body region, but qualified this by defining 'significant' injuries as those with an AIS of > 2. All patients who underwent WBCT for trauma during the study period were included. Of the 255 patients recruited, 16 .5% (42/255) were positive. Five significant predictors from the multivariate analysis were included in the final clinical decision model: clinical signs in more than one body region; Glasgow Coma Score; haemodynamic abnormality (systolic blood pressure below 100 mmHg or heart rate above 100); respiratory abnormality (respiratory rate over 24 breaths/minute or saturations below 93%) and mechanism of injury. The clinical decision rule devised by the authors had a sensitivity of 79% (95% CI 63-89%) and specificity of 71% (95% CI 66-78%) for detecting patients with polytrauma. However, the authors then added a second clinical decision rule to identify patients with 'significant' injuries in one body region (those in whom a focused CT would have identified their injuries). When combined (to select patient needing either a WBCT or a focused CT), the rules had a sensitivity of 95% (95% CI 86-99%) and a specificity of 59% (95% CI 52-66%). Only patients who had a WBCT were included in the study, so the true sensitivity of the rule could not be ascertained, as 'false negative' patients (those who had significant injuries, but did not have a WBCT) would not have been included. In addition, the second clinical decision rule was developed as a post hoc analysis following the failure of the study to identify a decision rule that could identify patients with polytrauma with acceptable sensitivity. Finally, the authors' definition of 'polytrauma' is not widely accepted, as many researchers would not consider injuries of AIS ¼ 2 to be clinically important in the context of major trauma. Table 2 summarises the inclusion criteria and outcome measures used in each of the studies included in this systematic review. There was significant variation in the inclusion criteria for different studies. The studies by Babaud, Davies, Salim and Sloan restricted their sample to patients who had a WBCT as part of their initial management. 8, [26] [27] [28] Of the three remaining studies, Hsiao et al. included all trauma activations that had a CT (either WBCT or focused CT); Smith included all patients fulfilling the criteria for WBCT (whether or not a WBCT was performed) and Wurmb included all sedated and intubated trauma patients admitted to the trauma centre (whether or not a WBCT was done). [23] [24] [25] 
Inclusion criteria for studies in this review

Outcome measures used in different studies
The studies also used different criteria to define a 'positive' WBCT after trauma ( Table 2 ). Babaud et al. defined a positive outcome as all patients with any injury on WBCT.However, when analysing patients in whom the original intent of the treating physician was not to have a WBCT, they also identified the number of 'unsuspected injuries' picked up by WBCT (i.e. the number of injuries found that were outside of the region that would have been scanned on the basis of the clinical judgement of the treating physician). 26 Davies et al. defined a positive WBCT as one that identified multi-region trauma (injuries with an AIS of > 1 in more than one body region). They also defined 'significant' injuries as those with an AIS of > 2. This latter definition was used to select patients needing focused CT scanning. 28 Like Davies, Hsiao et al. used multiregion trauma (injuries in more than one body region, with an AIS of > 1) as their main outcome. 23 Salim et al. identified any change in management plan directly attributable to the results of the WBCT as a 'positive' outcome. This included negative scans (e.g. negative finding on WBCT that allowed early discharge of patients). 8 In Sloan's review, the identification of any clinically occult injuries was a positive outcome. 27 Smith et al. reported the number of patients with any 'significant' injury found on WBCT, but the authors did not define a 'significant' injury. This study also reported the number of injuries identified on WBCT that would have been missed if the scan was not done, and the number of patients in whom the identification of these 'missed' injuries led to a change in immediate management. 24 Wurmb et al. defined any patient with an ISS of 16 as a positive outcome. 25 
Discussion
This review identified a small number of observational studies that investigated the utility of clinical decision rules for WBCT in trauma, but there were no prospective randomised trials or diagnostic studies. While most studies in the review found some benefit to the use of standardised protocols for WBCT in trauma, there is insufficient high-quality evidence to definitively confirm this benefit.
There is even less research comparing clinical decision rules with standard practice: only two studies in this review. Of these, Hsiao's study from Australia demonstrated no benefit to the use of a standardised protocol compared to routine clinical practice, while Smith's study from the United Kingdom suggested that the use of a protocol improved sensitivity of WBCT without adversely affecting specificity. However, both studies were relatively small, with significant differences in study design and outcome measures. 23, 24 The wide methodological variation between studies makes it impossible to compare the results of different studies with each other. Of the seven studies reviewed, some were prospective while others were retrospective, some included only patients who had undergone a WBCT, while in others, all trauma patients were included; the outcome measured varied widely and the clinical decision rules used in each study were unique to that study. 8, [23] [24] [25] [26] [27] [28] With this degree of variation, comparison of different studies would be inappropriate. They therefore do not help the reader to decide which particular rule is best for identifying patients who would benefit most from WBCT.
The significant variation in the inclusion criteria for each study is partly explained by a lack of standardisation of definitions of major trauma patients globally. Different inclusion criteria are used by different trauma registries across the world. [30] [31] [32] [33] Similarly, inclusion criteria for the studies in this review varied from all trauma patients through only those in whom a WBCT was obtained to only those patients who were sedated and intubated. 8, [23] [24] [25] [26] [27] [28] As with other methodological differences between studies, this variation in inclusion criteria made it difficult to meaningfully compare results across studies. This variation in inclusion criteria has been a feature of research into the use of WBCT in trauma for some time. For example, the landmark study by Huber-Wagner et al. into the impact of WBCT on mortality only included patients with blunt trauma and an ISS of > 15. 34 While this study provided good evidence of a survival benefit of WBCT in severely injured patients, it did not address the issue of its use in the less severely injured.
The wide variation in outcomes used in each study demonstrates a lack of consensus in the research community regarding the clinical significance of CT scan findings in trauma. Other authors have questioned the significance of some radiological findings in trauma patients. For example, some studies have questioned the clinical importance of cerebral contusions, subarachnoid haemorrhages, rib fractures and pneumothoraces in the setting of major trauma. [35] [36] [37] In this context, it is no surprise that studies into the utility of WBCT do not agree on the most appropriate outcome measure to use.
The wide variation in definitions and methodology of the studies in this systematic review parallels variations in the use of WBCT in major trauma generally. Previous studies in the UK and Europe have documented broad differences in the use of clinical guidelines for WBCT in trauma between individual hospitals. 9, 14 In addition, a review of data from the Trauma Audit and Research Network found a significant and largely unexplained variation in the use of WBCT in trauma between individual hospitals in the UK. 17 The lack of good quality evidence supporting any guidelines has meant that none of the current guidelines is widely accepted or implemented. 9, 14 There were a few limitations of this study. Only English language publications were included, and the 'grey' literature was not included in the review: thus, there is a chance that studies from non-English speaking countries were missed. In addition, there may have been publication bias in study selection, although conference proceedings and abstracts of papers were also searched in this review.
Conclusion
While this systematic review identified a number of observational studies that investigated the impact of clinical decision rules on the diagnostic accuracy of WBCT, there was significant methodological variation, limiting the usefulness of comparison. We would recommend the design and conduct of a large multicentre trial specifically designed to identify the most appropriate clinical decision rule for WBCT in trauma, that would maximise the sensitivity of the test while minimising the number of unnecessary investigations. While there is good evidence that WBCT confers a survival benefit in patients with serious injuries (ISS > 15), the need for WBCT in less severely injured patients is less clear, and more research into this group of patients is required.
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